In vitro produced bovine zygotes show substantial variation in the time required to complete the first cell cycle and in their in vitro development potential. A 
Introduction
The factors that determine whether an oocyte develops to the blastocyst stage after fertilization are not yet fully understood. Despite wide variation in the techniques of in vitro bovine embryo production, blastocyst rates tend to plateau at about 40% of oocytes submitted to in vitro maturation (Gordon, 1994) . It is becoming increasingly clear that although suboptimal culture conditions undoubtedly contribute to this poor embryo yield, the developmental rates obtainable in vitro are also related to the intrinsic quality of the oocyte. There are several lines of evidence in support of this idea. For example, oocytes derived from large follicles (that is, in the terminal stages of follicular development) develop better in culture than those derived from small follicles (Pavlok et al, 1992; Lonergan et al, 1994 ).
In addition, zygotes obtained after in vivo maturation and fertilization are superior in terms of development in culture to their in vitro counterparts (Marquant-Le Guienne et al, 1989; McCaffrey et al, 1991) .
In vitro produced bovine embryos show substantial variation in both the time required to complete the first cell cycle and in their in vitro development potential. Various reports have highlighted the fact that the fastest developing embryos in vitro are more likely to develop to the morula and blastocyst stages (Lonergan et al, 1992 ; Van Soom et al, 1992; Xu et al, 1992; Yadav et al, 1993; Grisart et al, 1994; Piante et al, 1994; Itagaki et al, 1997; Kubisch et al, 1998) . Moreover (Warner et al, 1998) , hamster (McKiernan and Bavister, 1994) , rhesus monkey (Bavister et al, 1983) , buffalo (Totey et al, 1996) and human (Lelaidier et al, 1995; Shoukir et al, 1998) embryos. These kinetics of development have been related to the sex of the embryo and faster developing embryos tend to be males (Avery et al, 1989 (Avery et al, ,1991 Xu et al, 1992; Yadav et al, 1993; Carvalho et al, 1996) , although this has not been observed in all cases (Grisart et al, 1995; Lonergan et al, 1995; Kaminski et al, 1996) . This difference in developmental rates between male and female embryos has been attributed to differences in metabolic activity in these embryos (Tiffen et al, 1991; Ray et al, 1995 Fig.l) . Of the total number of blastocysts produced, 62.2% were derived from zygotes that cleaved by 27 h after insemination and 89.3% from zygotes that underwent the first cleavage division by 30 h after insemination.
Experiment 2
There was no effect of time of first cleavage on the metabolism of glucose (P > 0.7) or glutamine (P > 0.7) by presumptive zygotes from 21 to 24 h after insemination (Expt 2a, Table 4 (Carolan et al, 1995 , Lonergan et al, 1996 . These findings indicate that the increased manipulation involved in the present study did not affect subsequent embryo development. *P < 0.001; "P < 0.01; "*P < 0.025; ****P < 0.05.
The time points chosen were on the basis of previous studies indicating that the first cleavage of bovine zygotes in vitro occurs between 26 and 32 h after insemination (Barnes and Eyestone, 1990; Van Soom et al, 1992; Yadav et al, 1993) . This was also the case under the conditions of the present study, in which no zygotes cleaved before 24 h after insemination. Approximately 42% of zygotes under¬ went the first cleavage division between 24 and 27 h after insemination. These represented the most competent oocytes in terms of developmental ability in vitro, and are compar¬ able with the situation in vivo in which the first cleavage occurs at 24-28 h after ovulation in non-superovulated cows (Thibault et al, 1987 (1998) showed that factors such as nutritional treatment of the donor can influence the timing of blastocyst formation. Significant changes in metabolic activity occur during development from the two-cell to the blastocyst stage in bovine embryos produced in vitro. Glucose metabolism is low until the 8-to 16-cell stages, and then increases continuously to the expanded blastocyst stage. In contrast, glutamine metabolism is high at the early cleavage stages, decreases to a minimum at the blastocyst stage and increases during blastocyst expansion (Rieger et al, 1992a,b) .
The overall mean metabolism of glucose by presumptive zygotes at 21-24 h after msemination (1.6 ± 0.1 pmols per 3 h) was consistent with other reports of glucose metabolism by mature oocytes (Rieger and Loskutoff, 1994) and two-cell embryos (Rieger ef al, 1992a,b) . Mean glutamine metabolism by presumptive zygotes (2.5 ± 0.1 pmols per 3 h) was inter¬ mediate to previous measurements for mature oocytes (Rieger and Loskutoff, 1994) and two-cell embryos (Rieger et al, 1992a,b) . Although incubation in the metabolism medium for 3 h may have retarded the subsequent development of zygotes after they were returned to culture, there was no relationship between the metabolic activity of presumptive zygotes at 21-24 h after insemination and the time of first cleavage (27-42 h after msemination). This may indicate that the first cleavage is independent of the metabolic activity of the zygote, or that the metabolic requirements for first cleavage have been fulfilled before 21-24 h after insemination.
Mean glucose metabolism by day 8 blastocysts (126 ± 14 pmols per 3 h) was also consistent with other studies (Rieger et al, 1992b) , whereas mean glutamine metabolism by day 8 blastocysts (2.6 ± 0.3 pmols per 3 h) was lower than that observed in other studies (Rieger et al, 1992b Several studies demonstrated a relationship between development rate and sex of in vitro produced mammalian embryos, and male embryos developed faster than female embryos (mouse: Tsunoda et al, 1985; Burgoyne, 1993; Valdivia et al, 1993; Zwingman et al, 1993; Peippo and Bredbacka, 1995; cattle: Avery et al, 1989 cattle: Avery et al, ,1991 Xu et al, 1992; Yadav et al, 1993; Dufour et al, 1994; Carvalho et al, 1996;  sheep: Bernardi and Delouis, 1996; Catt et al, 1997; pigs: Cassar et al, 1994; human: Ray et al, 1995 (Tiffen et al, 1991; Ray et al, 1995) . It has been proposed that these metabolic differences could be used to predict the sex and viability of embryos (Rieger, 1984) . These differences may occur as early as the first cleavage in bovine (Donriinko and First, 1993) and human (Ray et al, 1995) embryos. Bredbacka and Bredbacka (1996) 
